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INTERACTION OF COCAINE WITH SOI•'IE

CE!~TRAL

DOPAMINERGIC AND SEROTONERGIC MECHA!HSMS
Abstract of Thesis
The present study ln male Wistar ra~s was designed to
and analyze six specific cocaine-induced beh aviors.
behavioral parameters have been defined by othe rs as
eit her dopaminergic (sniffing, grooming, and locomotor activity) or serotonergic (repetitive head movements, rearing,
and Straub tail) in origin.
~ate
~hese

Results were analyzed by analysis of var iance in two
~ays :
(i) as grouped dopaminergic or serotonergic scores,
and (iiT as the net behavioral index ( dopaminergic scores
minus the serotonergic scores).
The purpose of a pproaching
:he data in this way was to attempt to define the behavioral
interac tions of the two neurotransmitters.
One conc lusion that developed from this study was the
indication that dopaminergic behaviors peak at lower doses
of cocaine than do serotonergic behaviors. T~is relationship
~eld
true for all the individual parameters in addition to
the dopaminergic and serotonergic totals.
A dopaminergic blocker, haloperidol, significantly att enuated all responses elicited by cocain e.
Whe n the net
behavioral index was analyzed,it was found t~at the resp0nse
o f the med ian dose of cocaine was significantly altered fro~
a net dopaminergic score towards a net se r otonergic score.
In this sense, haloperidol was shown to have the capacity to
attenuate dopaminergic-associated parameters to a greater
extent than the serotonergic-associated parameters.
Cyproheptadine, an antiserotonergic agent , did not sigaffect the net behavioral index; however, this
conpound did significantly increase the dopaminergic paramet er of grooming at the high doses of cocaine and cyproheptadine. Also at this dose comb inati on , gnawing was elicited
--a dopaminergic response seen under no other experimental
co nditions.
Due to the antiserotonergic agent causing an
inc rease in the dopaminergic parameters of grooming and gnawing, it is proposed that the serotonergic influence on these
two dopaminergic behaviors is of an inhibitory type.
~if icantly
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INTRODUCTION
History
A classic drug, cocaine, the active alkaloid of the
shrub Erythroxylon coca, is perhaps the most euphorogenic
as well as the most legislated against drug of all time
(Mortimer, 1974).
The coca leaf was believed to be a gift to the Inca
people from Manco Ccapac, son of the Sun God, bestowed as
a token of esteem and sympathy for their suffering labor.
Originally restricted to Inca aristocracy, the destruction
of the Incan civilization in the 16th century by Francisco
Pizarro led to the

widespread use of coca by the masses.

The stimulation from coca leaf provided the conquistadores
an effective means of low-cost/high-output labor.

In

practice, coca leaves, bound into a ball (cocada) with
guano or cornstarch, were chewed with lime (as the alkaline
ash) to release the active alkaloid.
In 1859, the Italian physician, Paolo Mantegazza introduced coca leaves into European medicine.

Americans viewed

coca leaves as a panacea while the English viewed them as
a pharmacological curiosity.
Alfred Niemann isolated and named the active alkaloid
in 1860.

Producers of tonics, elixirs, and wines soon
1
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added coca extractives to their lists of ingredients, the
classic example being 'Vin Mariani' a preparation made from
coca leaves and win e (popular with Queen Victoria and Pope
Leo XIII) (Gay, 1976).
Sigmund Freud exper imented with cocaine and was soon using
the alkaloid in the treatment of various physical and psychological disorders.

Between 1884 and 1887 he wrote five

papers ("Ueber Coca") extolling coca as a wonder drug
(Freud, 1884) .
Freud's colleague, Karl Koller, is respon si ble for the
first r e port of the local anesthetic effects on the eye
(Mortimer, 1974).

Dr.

Willia~

Halstead of Johns Hopkins in

Baltimore performed the first n e rve block in 1885.

By 1886,

Halstead wrote no further about cocai ne as h e battled hi s
own two gram per day habit!
Coca Cola, whe n first introdu ce d in 1888 contained
cocaine until the Harrison Tax act of 1914 outlawed cocaine
as a "narc otic."
Robert Loui s Stevenson is said to have compose d the
firs t draft of Doctor Jekyll and Mi ster Hyde in three days
while unde rgoing treatment of tuberculosis with cocaine.
Arthur Conan Doyle, the literary ge nius who created Sherlock
Holmes , portrayed Ho lmes as an advocate of cocaine usage in
the novel , The Sign of Four .
be a u ser of cocaine.

Doyle himse l f was r ep u te d to

3

Admittedly, this is only a cursory look at the long
and exotic history of cocaine.

Books have been written on

the subject and the reader is referred to Mortimer's book
on the history of cocaine (Mortimer, 1974) for further information.
General Pharmacology
Cocaine is classified as both a local anesthetic and
a central nervous system stimulant.

It is the only natural

product with both of these pharmacologically different
qualities, and the mechanisms for these two simultaneous
actions are still far from certain.

To some extent cocaine

is a direct agonist of adrenergic receptors, although the
importance of this action is questionable.

Also, cocaine

blocks nerve conduction in the periphery and probably centrally as well (Trendelenberg, 1968).

Both of these mech-

anisms may play a role in the central effects that cocaine
produces, but by far the most investigated (if not

neces~

sarily the most important) is the ability of cocaine to
block presynaptic reuptake of norepinephrine,

dopamine,

and serotonin--the major mechanism of deactivation for the
catecholamines and serotonin (Schubert et al., 1970; Taylor
and Ho, 1977).
Literature evaluation reveals a lack of older papers
dealing with the neuropharmacology of cocaine.

The older

literature deals with the alkaloid in terms of its local
anesthetic qualities, behavioral reinforcing properties or
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as an investigational tool taking advantage of its reuptake
blocking capabilities in vitro.
It is the most recent literature on cocaine which
serves as the basis of this thesis.

This literature on the

behavioral pharmacology of cocaine will be discussed in
detail as the last part of this introduction.

For complete-

ness, the literature on conditioned behavior,

seizure

induction, and the biochemical pharmacology will be discussed first.
Effects on Conditioned Behavior
Cocaine acts as a positive reinforcer of conditioned
behavior (for a recent review see Schuster and Balster,
1977).

In a recent paper by McKenna and Ho (1977), the

behavioral reinforcing properties were reduced with chronic
cocaine experimentation.

This implies a tolerance develop-

ing to the reinforcing properties of cocaine over time.
The behavioral reinforcing properties of cocaine are attenuated by the neuroleptics pimozide and spiroperidol
(Colpaert, et al., 1979).

It is these types of studies--

defining drugs which abolish behavioral reinforcing properties--that serve to elucidate mechanisms of action.

Since

spiroperidol and pimozide are known to block the dopamine
receptor, this is good evidence that cocaine's mechanism •
of action is mediated through the dopaminergic system.
Cocaine has been shown to function as a discriminative

5

stimulus in monkeys (Spealman and Kelleher, 1979; Byrd,
1979; Goldberg, 1973; Stretch et al., 1976) and in rats
(Colpaert et al., 1978; Ross et al . , 1978; McKenna et al.,
1979).

Usually in these experiments, laboratory animals

are trained to emit one response when treated with a
stimulus drug, and an alternate response when treated with
the drug

vehi~le,

a different dbse of the same drug, or

a different drug .

When acquisition of such a response is

reliably established, the drug is said to produce a discriminative stimulus that controls the differential responding in the trained subjects .

In all such trained

subjects, cocaine can be discriminated from saline and different doses of cocaine can be discriminated from each
other (Goldberg, 1973; Byrd, 1979; Colpaert et al., 1978;
Ross et al., 1978).
On the other hand, the trained subject may mist ake
the stimulus drug from other drugs in a similar c lass.
This lack of preference is known as stimulus generalization.

Studies with monkeys and rats have shown that

d-amphetamine and norcocain e (the N-demet hyla ted metabo lit e)
both produce stimulus generalization with cocaine (Stretch
et al., 1976; McKenna et al . , 1979).
Chronic administration and seizure d evelopme nt
An interesting phenomenon observed with chronic cocaine
administration is the development of seizures.

This has
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been r eferred to as r e v erse toleranc e due to the fact that
the se i z ur e developme nt is e licite d with subseizure doses
o f cocaine and only occurs aft er chronic admini st ration
of the drug.

Post and Kopanada (1975) have implicated

catechol involvement in this phenome non due to the facili tation of these seizures by 6-hydroxydopamine (chemical sympathectomy ).

Due to the similarity of this chronic effect

of cocaine and of low level electrical stimulation of the
amygdala, this process has also been referr e d to as
'kindling'

(Stripling and Ellinwood , 1977).

The precise

developmental mechanism for kindling is not known.
As c hronic cocaine administration reache s the seizure
threshold, a n augmentation of behavioral response-- be havi ora l
reve rse tolerance--occurs (Schuster et al., 1977).

Rackham

and Wi se (1977) investigat e d the mechanisms - involved in
cocaine and electrical kindling by stoppi ng cocaine therapy
after behavioral sensitization occurre d but b efor e se izures
developed.

They then continue d the experime nt with e l ec -

tri ca l stimulat ion .

Th ey fo und that cocaine pretreatment

did not facilitate the on set of e l ect ri ca ll y-induce d kindling;
therefore, these two mean s of kindlin g, cocaine a nd elect ri ca l
induction, do not share a commo n o nt olog i e basis.
Biochemical Action s
Cocaine affects the bios yn t hetic systems of t he brain
in a number

m:

ways .

The serotonergic, dopam i n ergic a nd
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adrenergic systems are the most affecte d (Kn a pp a nd Mandell,
1972; Patrick and Barchas, 1977 ; Taylor and Ho,

1978).

In a n in vitro st ud y , cocaine was shown to block the
reuptake of various n e urotransmitt ers.

Using rat brain

slices, cocain e was see n to be a powerful inhibitor of the
reuptake of 5-hydroxytryptamine (serotonin) and l ess powe rf ul in the inhibition of dopamine and norepin ephrine

r~

uptake (T aylor and Ho , 1978).
A comparison of inhibition of monoamine uptake by cocaine, amphetamine and me thylph e nidate was also conduct e d
(Taylo r and Ho, 1978).

The latt er two compounds we re

found to be more potent reuptake inhibitors of dopamine and
norepi n epheri ne than cocain e in synapt osomal p r eparatio ns.
Cocaine was found to be potent in inhibiting serot o nin reuptake in synapt osomal preparat i o n s fro m the septum-caudat e.
These r esults agree with previous wo rk don e by Scheel-Kruger
(1972).

A st udy by Lidbrink et al. (1971) s u ggests t hat

d r ugs with reupt a ke inhibiting properties may be of value
in t h e trea tme nt of depression alt h ough the authors do not
specifica lly ref er to cocain e .
Cocaine, amphetamin e a nd methylp h e nidate have s imil arities in their biochemical effects with r egard to dopamine.
The di ffere n ce b etween the apparent inhibitory act i o ns of
cocai n e o n se rot onin brain l evels and the effects caused
by met h y l yph e nidat e and a mphet amin e h as been s u ggested by
Yu a nd Smi t h (1977) a nd Taylor and Ho (1978) to be at l east
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partially responsible for the observed behavioral and clinical differences of these drugs.
Cocaine has been shown to cause weak ipsilateral
rotation in animals with unilateral 6-hydroxydopamine
lesions of the nigra-striatal dopaminergic pathway (Christie
and Crow, 1973) .

Contralateral rotation in this model is

characteristic of direct-acting agonists of the dopamine
receptor while ipsilateral rotation is characteristic of
indirect acting agonists.

Pretreatment with a monoamine

oxidase inhibitor caused cocaine to exhibit intense
ipsilateral rotation that was sensitive to alpha-methyl,
para-tyrosine (dopamine synthesis interrupter) and reserpine
(catecholamine depletor).

It is interesting to note that

two cocaine analogs (Win 35,428 and Win 35,065) cause
intense ipsilateral rotation by themselves in such lesioned
animals (Heikkila et al., 1979).

Therefore, by altering

the structure of the cocaine molecule, an aparent increase
in dopamine reuptake blockage is obtained.
In two recent papers relating the effects of cocaine
on acetylcholine and cyclic AMP levels, Ngai (1979) and
Post (1979) report that although cocaine does not affect
mean cyclic AMP levels, closer study of the data indicates
that cocaine does indeed cause large fluctuations of cyclic
AMP levels when examined for each individual animal.
while most local anesthetics cause a decrease in brain
acetylcholine levels (Stripling and Ellinwood, 1977),

Also,
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cocaine increases these levels .

It seems that this dis-

crepancy between most local anesthetics and cocaine may, in
part, be responsible for the stimulant activity of cocaine
and the lack of such activity in local anesthetics.
Patrick and Barchas (1977) have shown that the reuptake blocking effect of cocaine primarily affects the newly
synthesized and released pool of dopamine.

With chronic

cocaine treatment, an increase in dopamine receptor binding
occurs (Taylor, 1979) implying an increase in dopamine
receptor sensitivity.

Estevez (1979) has shown that repeated

cocaine injection shows reverse tolerance to the stereotyped behavior effect of cocaine and this can be correlated
witb an increased binding of dopamine 'to its receptors.
Roy et al.

(1978) have shown increasing dopamine levels in

the caudate nucleus and the diencephalon-midbrain while
the serotonin levels decreased in the diencephalon-midbrain
and pons-medulla.

Roy et al. also reported slight changes

in the levels of norepinephririe

and acetylcholine.

Ross

et al . (1978) demonstrated with Skinner boxes an opposite
effect.

While they found no changes in the levels of

dopamine and serotonin, a pronounced cyclic rise and fall
of norepinephrine

was seen with every reinforcement.

The

inhibition of serotonin brain levels agrees with the turnover studies by Friedman et al.

(1975).

These serotonin

levels can be correlated with the temporal development of
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the cocaine-induced behavior reported by Pradhan et al.
( 1978b).
The behavioral effects seen with cocaine administration, therefore, can be best characterized as an interplay
between the two transmitters, dopamine and serotonin.

Fur-

ther, the supersensitivity of dopamine receptors may explain some of cocaine 1 s chronic effects.
Taylor and Ho (1976) have shown that cocaine affects
tryptophan hydroxylase in a dual manner.
forms of the enzyme.

There are two

The soluble form is associated with

serotonergic cell bodies, whereas the particulate enzyme
is associated with serotonergic nerve endings (Knapp and
Mandell, 1972).

Mandell (1975) has suggested that the ef-

fect of cocaine may be an initial stimulation of serotonin
receptors as evidenced by the significant decrease in the
soluble tryptophan hydroxylase activity.

Continuation of

cocaine treatment results in an increased enzyme activity
in the nerve endings.

This increase could be regarde d as

a biochemical compensatory mechanism in response to over
stimulation following long-term chronic cocaine treatment.
In a study comparing cocaine, Q-amphetamine and methylphenidat e on tryptophan hydroxylase activity, cocaine was
found to have an inhibitory effect of the e nzyme resulting
in a decreased serotonin content in the septum-caudate and
increased hypothalamic norepinephrin e
metabolism (Taylor and Ho, 1977).

and striatal dopamine

In the second portion of
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that study,

~-amphetamine

and methylphenidate were found to

activate tryptophan hydroxylase, an effect opposite to that
found for cocaine.

The septum-caudate and striatum are

responsible for control of many facets of behavior that are
collectively called stereotyped behavior.

Therefore, these

brain region studies are strong arguments for the implication of serotonin and dopamine as the major mediators of
the behavioral actions of cocaine.
Behavioral Pharmacology
Stereotyped behavior and neurotransmitter involvement
Specifically in rats, stereotyped behav ior usually
consists of constant repetitive mov e ments of the .head,
body and extremities, and also constant sniffing, licking,
and bi ti ng (Pechnick e t al., 1979).

Behavioral rating

scales and models of behavior have been deve lope d to characterize various drugs and their effects on the central nervous system.

A good example of a rating scale is the

apomorphin e -induced dopamine rgic response (Costa l l and
Naylor, 1973).

This scale is a continuous rating of

putative dopaminergic behavior.

The lowest score is given

to sniffing and as dopamin e stimulation increases the
behavior exhibit ed continues through exploratory activity
with the highest score given for gnawing (considered the
mo st intense component of dopamin e rgi c activ it y).

A be-

ha viora l model of serotonergic activity is the quipazine-induced
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head twitch response in mice (Green et al., 1976) .

Here,

instead of quantifying the response on a continuum of behavior, the number of head twitches are totaled as a measure of serotonergic activity.
To date, there has been no behavioral scale developed
for cocai n e -induced stereotypy that specifically measures
those

stereotype d move ments uniquely seen with cocaine

(~,

repe titive head movements both lateral and vertical,

rearing, exploratory behavior, sniffing, Straub tail, etc.).
An early attempt to rate cocaine-induced behavior was the
use of a nine-point rating scale by Ellinwood and Balster
(1974), a scale develope d for amphetamine.

Ellinwood used

this scale in a modified form for the stereotypy seen with
cocaine.

Although thi s scale was a pplicable to the behav-

ioral effects see n with cocaine, the scale was too general
in d ef ining the parameters and soon other sca l es, specifically d es igne d for cocaine, were tried .
Pradhan et al ., (l978b) u se d a scal e where characteristic cocai ne-induced behaviors were given a quant a l score.
Behaviors s u c h as sniffing, searching, rearing, bi ti ng and
li c king were included in this model.

Some st udi es hav e used

s p o ntaneous motor activity meters exc lusive l y in attempting
to quantify cocaine-induced b e havior (Wilson and Holbrook,
1979) .
Pradhan (l978a) establi s hed the time course of b e havioral
activ it y after acute cocaine administration.

Locomot or
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a c tivity developed and peaked within 20 minut e s while stereotyped behavior took as long as 50 minutes to peak .

Dopamine

increases in the caudate nucleus and diencephalon-midbrain
were correlated with the increase in locomotor activity .
The stereotyped behavior seen was correlated with an initial
decrease and subsequent increase of serotonin in the ponsmedulla and diencephalon-midbrain.

This pattern of behavioral

development, an initial increase in spontaneous motor
activity then stereotypy, seems typical of cocaine at many
doses tested (i.e. 5, 10, 15, and 20 mgjkg, i.p.)
(Bhattacharyya and Pradhan, 1979).
Bhattacharyya et al .

In a follow-up paper,

(1979) showed that haloperidol antag-

onized both the biochemical and behavioral correlates
induced by cocaine .

Taylor and Ho (1979) correlated in-

creases in sensitivity to chronic cocaine-induced locomotor activity with an increase in dopamine receptor binding.

Similar results were found by Schuster et al. (1977)

using the running response in mice.

Apomorphine, a dopa-

minergic agonist, at low doses in mice does not induce a
compulsion to gnaw, but with cocaine pretreatment, persistent gnawing occurs (Dadkar et al.,

1977).

These results

all seem to implicate an interaction of cocaine with dopaminergic mechanisms.

Further support is given by studies

demonstrating that alpha-methyl, para-tyrosine and haloperidol
(dopaminergic receptor blocker) can abolish this compulsion
to gnaw .
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Cocaine diverges from other central nervous system
stimulant drugs in the sense that in addition to having a
major effect on dopaminergic mechanisms, serotonergic
mechanisms are also affected.

Studies with para-chloro,

phenylalanine (serotonin depleter) and electrolytic
lesions of the medial raphe nucleus (a major serotonergic
ascending tract) have served to define serotonin's role
in behavioral effects .

Thornton and Goudie (1978) used

both these techniques and obtained analogous findings.
Their studies revealed that raphe lesions and serotonin
depletion both caused increased motor activity, increased
responsiveness to stimuli, and improved acquisition of
active-avoidance responses, all of which wer e suggested
to be the result of a deficit in an inhibitory syst e m.
Jacobs (1976) in a minireview of the animal models used in
studying central serotonergic synapses describes the various
drug treatments with the c apability to induce what is now
called the "serotonin syndrome."

When compounds which

e ither dramatically increase synaptic

serotonin(~.,

monoamine oxidase inhibitors, serotonin precur sors, or
serotonin releasing agents) or directly stimulate p ostsynaptic serotonin rec e ptors, a syndrome is produced which
consists of resting tremor , Straub tail, hindlimb abduction,
lateral head we avin g , he ad shaking, hyperreactivity, hyperactivity and salivation.

In many r e spects, this syndrome

i s ve ry similar to that seen with the administrati o n of cocaine.
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Today, subsets of this awe-inspiring list of symptoms
are routinely used to measure serotonin activity.
et al. (1978), usin g

Sloviter

5-met·hoxy-N ,N-dimethyltryptamine (a

serotonergic agonist) produced the serotonin syndrome but
only measured the more convenient parameters of head weaving,
splayed hindlimbs and forepaw padding.

The serotonergic

blockers cyprohept adine and methysergide prevented this
syndrome while dopaminergic and adrenergic blockers did
not.

Honma's work (1979) with methamphetamine, a putative

serotonergic agonist, resulted in the demonstration that
methysergide and cyproheptadine block the serotonergic
component (slow head shaking) of the behavioral syndrome,
but ne.t the stereotypic component (gnawing).

Apparently,

gnawing was not blocked since it is reputed to be regulated
by a dopaminergic mechanism (Costall and Naylor, 1975).

In

separate studies, both cyproheptadine and methysergide were
shown to be potent antagonists of seroton ergic responses
(Clineschmidt and Lotti, 1974; Jacoby et al., 1978).
Cocaine has been shown to decrease serotonin levels in
both acute and chronic st udi es (Friedman et al., 1975; Roy
et al., 1978).

Pradhan (1978) has shown that pretreatment

with the serotonin precursor, 5-hydroxytryptophan eliminates
these cocaine-induced changes.

Taylor and Ho (1979) obtained

similar results when 5-hydroxytryptophan was added to the
dietary intake of rats.

Therefore, it seems reasonable to

conclude that cocaine's behavioral profile is in part

16

mediated by serotonergic mechanisms.
It has been hypothesized that there is a catecholamineserotonin interaction that is partly responsible for modulating both so-called pure dopaminergic or pure serotonergic
behavioral actions (Jacobs and Wise, 1974).

The direct

acting serotonergic agonist lysergic acid diethylamide (LSD)
has both dopaminergic and serotonergic properties (Silbergeld and Hruska, 1979).

The syndrome produced by LSD can

be partially blocked by cyproheptadine and potentiated by
haloperidol.

Jacobs (1974), induced the serotonin syndrome

with a l-tryptophanjpargyline combination and found it to
be attenuated by low doses of the dopamine receptor blocker
spiroperidol but not at · ·all by low or high doses of the
neuroleptic pimozide.

This observation simply indicated

that some dopaminergic blockers have the capacity to
block the serotonin syndrome and others do not .
(~,

quilizers

Major tran-

spiroperidol, pimozide, fluphenazine and

reserpine) were used in a study by Maj (1975) to induce
catalepsy in rats.

Catalepsy induced by these drugs is

presumably due to the blo c kage of post-synaptic dopamine
receptors .

However, Maj found that the antiserotonergic,

cyproheptadine, r eve rsed the catalepsy.

Furthermore,

c yproheptadine potentiated the anti-cataleptic effect of
L-dopa .

Balsara et al . (1979), using me thamphetamine, ob-

tained similar results with the serotonergic agonist methysergide.
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Other evidence on an interaction between the central
transmitters dopamine and serotonin is the fact that the
long regarded pure dopamine agonist, apomorphine, causes
an elevation of brain 5-hydroxy-indoleacetic acid, the
metabolite of serotonin (Grabowska and Michaluk, 1974).
However, these results only indicate an indirect serotonergic effect of apomorphine.

Jacobs (1974) demonstrated

that strikingly similar syndromes are obtained when
pargyline pretreatment is followed by either }-tryptophan
or L-dopa.

They both display characteristics of the sero-

tonin syndrome.

Alpha-methyl, para-tyrosine and pimozide

failed to affect either syndrome, whereas para-chlorophenylalanine, cinanserin and methysergide blocked both.
Jacobs concludes that at least a portion of the syndrome
that emerges following pargyline and L-dopa is mediated by
serotonin rather than dopamine.
From the studies presented here, it would be a
rather safe conclusion to state that there are many complicated interactions of dopamine and serotonin.

Cocaine

has been shown to express behavioral parameters of both
putative dopamine and serotonergic responses.

It is the

purpose of this investigation to characterize the behavioral
manifestations that cocaine can induce.

Further, if both

serotonergic and dopaminergic paramet e rs can be characterized and quantitated an attempt will be made to selectively block these behaviors by the use of specific blocking
agents.

METHODS
Animals
Animals used throughout this study were drug-naive
male Wistar rats (Simonsen Laboratories, Inc.;

Gilroy,

California) with a weight range of 200-250 g .

Food (S/L

Custom Lab Diet--G4.5) and tap water were available ad
libitum.

Animals were housed under a consistent light/

dark cycle (0700-1900 hours light, 1900-0700 hours dark)
at a constant temperature of 21 + 1° C.

All experiments

were begun by 1200 hours and completed by 1600 hours.
Experimental
Animals were allowed to acclimate to their living
quarters for one week prior to use.

They were placed in

viewing cages of clear plastic (20 x 24 x 45 em.) for at
least one hour prior to the start of an experiment and held
without access to food and water.

The cages were lined

with bedding (Willis Lab Litter) to allow any spontaneous
or drug-induced gnawing.
Animals were pretreated for 30 minutes with either
saline, atropine sulfate (1.25, 2.50, or 5.00 mgjkg),
haloperidol lactate (0.125, 0.250, or 0.500 mg/kg) or
cyproheptadine maleate (1.0, 2 . 0, or 4.0 mg/kg) and then
challenged with cocaine hydrochloride (10, 20, or 40 mgjkg).
There were seven animals in each treatment group.
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All
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dosages are expressed in terms of the salt, except for
haloperidol where the doses are expressed in terms of the
free base .
Injections were intraperitoneal (i.p.) and delivered
in a volume of 1 ml/kg with a 1-ml tuberculin syringe and a
3/8'' 25 gauge needle.

All solutions were prepared in 0.9%

saline just prior to use.
Source of drugs
Cocaine hydrochloride was obtained from Mallinckrodt,
Inc., haloperidol lactate from McNeil Inc., cyproheptadine
maleate from Merck, Sharp

& Dohme Research Laboratories, and

atropine sulfate was obtained from the Nutritional Biochemical Corporation.
Stereotyped behavior
Stereotyped behavior was assesed during six, oneminute periods at 10, 20, 30, 45, 60 and 90 minutes after
cocaine administration.

Behavior was quantified during

these one-minute observation periods for the presence or
absence of the six behavioral parameters defined in Figure
1.

Both blind and non-blind observations were made.

The

blind observations did not statistically differ from the
non-blind, therefore, the rest of the observations were
conducted in a non-blind fashion .

The haloperidol , atropine

and cyproheptadine experiments were conducted separately
but within each experimental session, the injections were
randomized to reduce any day-to-day experimental bias.
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DOPAMINERGIC PARAMETERS
(1)

Sniffing

(at least 15 seconds per one-minute
observation)

(2)

Grooming

(at least 15 seconds per one-minute
observation)

(3)

Locomotor Activity

(traveling at least one-half

the distance of the cage)
SEROTONERGIC PARAMETERS
(4)

Rearing

(at least 5 rearings per one-minute
observation)

(5)

Repetitive Head Movements

(at least 5 repetitive

head movements per one-minute observation)
(6)

Straub Tail

(carrying of the tail above the
bedding for the majority of the oneminute observation)

Figure 1:

Behavioral parameters for the quantification of

cocaine-induced stereotyped behavior .
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The first three parameters (see Figure 1} used were
chosen because they are putative indicators of dopamine
behavioral responses (Costal! and Naylor, 1974), while the
second three parameters were selected as putative indicators of serotonergic behavioral responses (Jacobs, 1976).
Analysis of Data
Each behavioral parameter was totaled over the six time
intervals (maximum score =6), and the mean response for the
seven animals in each treatment group was calculated.

The

six behavioral parameters were analyzed as dependent variables.

This was accomplished via computer analysis of var-

iance.

The program used was a library program entitled,

"BMD .llV Multivariate General Linear Hypothesis" (Dixon,
1973}.

The mathematical model was designed to analyze

interactions between the blocker and the test agonist.

Any

comparison that resulted in a higher than critical F value
indicates that there is an interaction between the blocker
and the agonist that is more than just a simple doseresponse relationship.

The pooled variance obtained from

each parameter was used as a measure of error in a modification of the Student's t-test for statistical significance.
In addition to ANOVA analysis of the six individual
behavioral parameters, comparison of relative dopaminergic
versus serotonergic behaviors was done by totaling the
scores demonstrative of each.

Finally to obtain

a net

score, the mean serotonergic score was subtracted from the

22

mean dopaminergic score.

The result (net behavioral index)

was considered to be a measure of net dopaminergic or serotonergic predominance .

RESULTS
The responses obtained in this model are meant to
serve as a means for interpreting the degree of dopamine
and serotonin involvement in the behavioral response produced by cocaine.

Serving as a check of the dose-response

validity of this model, Fig . 2 shows the time-response effect of three doses of cocaine.

This figure illustrates

that the behavioral totals (all six parameters) increase
with increasing cocaine administration.

The duration of

response also increases with increasing cocaine dosage.
Significant response differences begin at 30 minutes and
by 45 minutes the responses of each of the three doses are
significantly different from one another.

The maximum dif-

ferences in time-response were recorded at 60 minutes.
The Cocaine/Haloperidol Experiments
The multivariate ANOVA analysis was computed and the
results of the statistical analysis are summarized in Table 1.
To facilitate the ANOVA analysis, a mathematical model was
constructed to check for effects of haloperidol on cocaineinduced stereotyped behavior other than that due to the doseresponse relationship.

Summarized in Table I are the pooled

mean responses for each parameter used in this study, the
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Table I. Summary of Multivariate ANOVA Analysis of the Haloperi dol/
Cocaine Experiments .

Pooled Mean Response
Parameter

Saline
N=21

Haloperidol
N=63

Variance
s2

Calculated

Observed

F

p

Sniffing

5 . 24

2 .14

2 .10

l . 77

> O.1 0

Grooming

1.48

0.50

l . 04

2.24

=0 . 05

Locomotor Activity

3 . 57

0 . 49

0.88

8.50

< O. 001

Repetitive Head Movements

3 . 19

1 . 16

l . 82

3 . 20

< 0 .01

Rear ing

2 . 95

0 . 46

1 . 10

1 . 43

"? 0. 20

Straub Tail

1.57

0 . 22

0 . 63

5 . 03

< 0 . 001

Dopaminergic Score

3 . 43

1.05

1 . 88

4 . 17

< 0 . 005

Serotonergic Score

2 . 57

0 . 65

2 . ll

4 . 46

<0 . 001

Net Behavioral Index

0.86

0 . 44

1.68

3.19

<0 . 01
t-V

Q)
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pooled variance for each parameter, the calculated F, and
the observed P for the calculated F value.
Tables II, III, and IV summarize the mean scores at
each treatment level, broken down into the three behavioral
parameters classified as dopaminergic behaviors.

Table II

shows that the sniffing response peaks at saline/cocaine
20 (pretreatment/challenge mgjkg) and is not significantly
different for salinejcocaine 40.

Both these treatment

levels are significantly different from salinejcocaine 10.
Haloperidol can be observed to attenuate the effects of all
doses of cocaine to very highly significant levels.

Table

III shows the grooming response to cocaine administration.
The grooming response increases but not significantly from
~ salinejcocaine

10 to salinejcocaine 20.

There is, however,

a very significant drop in grooming when the dose of cocaine
is raised to 40 mgjkg.

This observation is to be expected

as grooming is eliminated in favor of other, more intense
behaviors.

It can be seen that haloperidol does not atten-

uate the grooming response over the doses tested.

The loco-

motor activity response, Table IV, shows a dose-dependent
increase over the saline/cocaine doses.

Salinejcocaine 10

is significantly lower than salinejcocaine 40 but there is
no statistical difference between salinejcocaine 20 and
salinejcocaine 40.

For these three dopaminergic parameters,

the peak response was obtained consistently with the median
cocaine dose .
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Table II . Effect of 30-Minute Pretreatment with Haloperidol
on Cocaine-Induced Sniffing in Rats.

a

b
-c

g_

Cocaine,
mg/kg ip

Mean sniffing response~
Saline
Haloperidol, mg/kg ip
control,
1 ml/kg
0 . 125
0.250

0 . 500

10

4.00

3.14

2 . 71

0 . 57Q_

20

5.86

2.86~

1. 29Q_

1 . 14Q_

40

5.86

4.00Q.

2 .14Q_

1 .43Q_

Each score represents the mean of a scoring system
ranging from 0-6. Number per test group =7 . Pooled
variance (s2) =2.10; d . f . =72
Significantly differs from control (P <0.05)
Si gnificantly differs from control (P <0 . 01)
Significantly di ffers from control (P <0.001)
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Table III . Effect of 30-Minute Pretreatment with Haloperidol
on Cocaine-Induced Grooming in Rats.

a

b

Cocaine,
mg/kg ip

Mean groomi ng response~
Saline
Haloperidol, mg/kg ip
control,
lml/kg
0 . 125
0.250

10

1 . 86

1.29

1.00

0. 1 4

20

2 . 29

0.46~

0 . 29b

0.43~

40

0.29

0 . 14

0 .4 3

0.29

0 .50 0
h

Each score represents the mean of a scoring system
ranging fro~ 0-6. Numbe r per test group =7 . Pooled
variance (s l =1 . 04; d.f. =7 2
Significantly differs from control (P <0. 01)

30

Table IV. Effect of 30-Minute Pretreatment with Haloperidol
o n Cocaine-Induced Locomotor Activity in Rats.

a

b

c

Cocaine,
mg/ kg ip

Mean locomotor activity response~
Saline
Haloperidol, mg/kg ip
control,
1 ml / kg
0.250
0.125

0.500

10

1.29

0. 43

0.57

o.oob

20

4.4 3

0 .14~

0 . 14~

40

5.00

0.29~
c
2.14-

0. 57~

0.14~

Each score represents the mean of a scoring system
ranging fro~ 0-6. Number per test group =7. Pooled
variance (s ) =0 . 877; d.f . =7 2
Significantly differs from control

(~

<0.05)

Significantly differs from control ( P <0.001)
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Tables V, VI, and VII summarize the mean scores at each
treatment level broken down into the three behavioral parameters classified as serotonergic behaviors.
tains the repetitive head movement summary.

Table V conAll three saline/

cocaine treatments exhibit a dose-response increase and all
'
three points differ statistically from each other. Haloperidol
attenuates the repetitive head movements over all doses
tested.

Table VI, the summary of cocaine-induced rearing,

shows that although there is a statistical difference between salinejcocaine 10 and salinejcocaine 20 and 40,

no

such statistical difference exists between saline/cocaine
20 and salinejcocaine 40.

Here again, haloperidol attenu-

ates the rearing response at all doses of haloperidol
tested.

The Straub tail response, Table VII , shows that

over the dose range tested, salinejcocaine continues to
increase, and the results of the three doses tested, 10,
20, and 40 mgjkg cocaine, are significantly different from
each other.
In summary, the responses seen with the three dopaminergic-associated parameters peak at the median dose of cocaine.

On the other hand, the three serotonergic-associate d

parameters continue to increase over the three doses of
cocaine tested.

Haloperidol attenuated all six parameters,

although not in an ide ntical manner.
Dopaminergic scores are summarized in Table VIII.

This

parameter was constructed by totaling the sniffing, grooming
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Table V. Effect of 30-Minute Pretre atment with Haloperidol
on Cocaine-Induced Repetitive Head Movements in Rats .

a

b
c
d

Cocaine,
mg/kg ip

Mean repetitive head movement response~
Saline
Haloperidol, mg/kg ip
control,
l ml/kg
0.125
0.250
0.500

10

1 . 00

0 . 71

0 . 29

0 . 00

20

3.71

1 . 86!2.

0. 86~

0.86~

40

4 . 86

4 . 00

1. 57-

d

0 . 29-d

Each score represents the mean of a scoring sy.stem
ranging fro~ 0-6. Number per test group =7. Pool ed
variance (s ) =1 . 8 2 ; d . f. =72
Significantly differs from control (P <0.05)
Significantly differs from control

(~

<0. 01)

Significantly differs from control (P <0,001)
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Table VI. Effect of 30-Minute Pretreatment with Haloperidol
on Cocaine-Induced Rearing in Rats.

a

Cocaine,
mg/kg ip

Mean rearing response§:.
Saline
Haloperidol, mg/kg ip
control,
1 ml/kg
0.125
0.250

10

1. 86

20

3.29

40

3.71

0. 43~
d
0.43c
1.71

0.14

.c..

d
0.14d
0 . 57

0.500
c
0 .00
d
0.43d

0 . 29

Each score represents the mean of a scoring system
ranging from 0-6. Numb er per test group =7.
Poo l ed
variance (s2) =1 . 10; d . f . =72

b
Significantly differs from control (~<0.05)
c
Significantly differs from contro l

(P <0 . 01)

d
Significantly differs from control (~<0 . 00 1 )
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Table VII. Effect of 30-Minute Pretreatment with Haloperidol
on Cocaine-Induced Straub Tail in Rats.

-a

Cocaine,
mg/kg ip

Mean Straub tail response
Saline
Haloperidol, mg/kg ip
control,
1 ml/kg
0.125
0.250

0.50 0

10

0.14

0.00

0.00

20

1.57

40

3.00

b
0.14b
1. 43-

0.00
b
0.00
c
0.29

b
0.14c
0 . 00

a

Each score represents the mean of a scoring s y st e m
ranging from 0-6 . Number per test group =7. Pooled
variance (s2) =0.63; d.f. =72
b

Significantly differs from control

(~

<0.01)

c
Significantly differs from control (P <0.001)
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and locomotor activity scores for each animal and then
applying these totals to the multivariate ANOVA data
analysis.

The dopaminergic score is used in this study as

an index of total dopaminergic behavior .

As in analyses

of the individual parameters, the total dopaminergic response peaks at the median dose of cocaine.

In fact, the

high cocaine dose yields a lower response than did the median
dose of cocaine.

The effect of haloperidol is similar to

that seen with the individual parameters--one of attenuation.

Fig. 3 is a graphic illustration of the dopaminergic

scores reported in Table VIII.
The serotonergic scores, Table IX, were accumulated
in an identical manner as . the dopaminergic scores, except
that the parameters of repetitive head movements, rearing
and Straub tail were used as the indices of total serotonergic response.

Similarly to the individual parameters,

these scores reflect that the serotonergic totals did not
peak and continued to increase over the three doses of
cocaine tested.

Fig. 4 is a graphic illustration of the

results summarized in Table IX.
Table X reports the net behavioral indexes.

In this

comparison, the new behavioral scores for serotonin were
subtractedfrom the respective mean dopaminergic scores.
While this new parameter, the net behavioral index, is not
an absolute measure of behavior per se, the net behavioral
index doe s

serve to illustrate the relative changes in total
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Table VIII. Effect of 30-Minute Pretreatment with Haloperidol
on Cocaine-Induced Dopaminergic Scores in Rats .

Cocaine,
mg/kg ip

-a
Mean dopaminergic score
Saline
Haloperidol, mg/kg ip
control,
1 ml/kg
0.125
0.250

10

2.38

1. 62

20

4 . 19

1.19

40

3.71

2.09

d
c

b
1.43d
0.57
d
1.05

0 . 500
d
0 . 24d
0 . 67d
0 . 62-

a

Eac h score represents the mean of a scoring system
ranging from 0-6. Number per test gro up = 7 . Pooled
variance (s2} =1 . 88; d.f. =72
b
Significantly differs from control (P <0.05)
-c

Significantly differs from control (P <0 . 01)

d
Significantly differs from control (~<0.001)
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Table IX. Effect of 30-Mi nute Pretreatment with Haloperidol
on Cocaine -Induced Serotonergic Scores in Rats .

Cocaine,
mg/kg ip

-a
Mean serotonergic score
Saline
Halo peridol , mg/kg ip
control ,
1 ml/kg
0.125
0 . 250

0.500

10

1. 00

0 . 38

0. 1 4

0 . 00

20

2 . 86

40

3.86

d
0.61c
2 . 38-

d
0.62d
0.81-

d
0 . 48d
0 . 19

b

a

-

b
c
-

. Each score represents the mean of a scoring system
rang ing fr.om 0- 6 . Number per test group =7. Pooled
variance (s2) =2.11; d. f. =7 2
Si gnificantly differs from control

ex <o .o5)

Si gn ificantly differs from co ntrol

(~

<0.01)

Significant ly differs from control

(~

<0 . 00 1 )

d

40

41

. .~

~:

: :·.

C"

~

"CS

.

'

""'" :~

o C"
E
1.() --!"

. : :·.

:

;:

(\J

0

0

·;::::
Q)

. "0

. :::

0.
0

.c
I

. :'.

1.()

(\J

0
::

.

:
. :':

:. :
:

..

.

Cl)

c

·-0

~
0

(/')

0

42

Table X. Effect of 30 - Minute Pretreatment with Haloperidol
on Cocaine- Induced Net Behavioral Index in Rats .

Cocaine,
mg/kg ip

a
Net behavioral index
Sal ine
Haloperidol , mg/kg ip
control,
1 ml/kg
0.125
0 . 250

10

1. 38

1 . 24

1. 29

20

1. 33

b
0 . 38-

b
0 . 24-

b
0 . 24b
0 .1 9

40

- 0. 14

0 . 29

0 . 24

0 . 43

0.500

a
Each score represents the mean of a scoring s ystem
ranging frtim 0 - 6 . Number per test g roup = 7 : Pooled
varianc e (s 2 2 =1.68; d . f . =7 2
b

Significantly differs from control

(~

<0 . 05)
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Figure 5: Effect of 30-Minute Pretreatment with Haloperidol
on Cocaine-Induced Net Behavioral Index in Rats.
This is a graphic illustration of the data summarized in
Table X.
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dopaminergic andjor serotonergic behavior as the doses of
cocaine and haloperidol are altered.

The net behavioral

indexes of the salinejcocaine treatments show that there
was no change of net behavioral signs exhibited from 10 to
20 mgjkg cocaine.

At salinejcocaine 40 there was a signifi-

cant drop in the net index, indicative of increased serotonergic effects or decreased dopaminergic effects.

Compared

to the salinejcocaine controls, the median dose of cocaine
was the only point where the net behavioral index was significantly lowered by the 0.125 mgjkg dose of haloperidol.
For the other doses of cocaine, the net behavioral index
remained largely unchanged by haloperidol.

Fig. 5 is a

graphic illustration of the resul·ts summarized in Table X.
The Cocaine/Cyproheptadine Experiments
Upon completion of the haloperidol experiments, the
effects of cyproheptadine, a serotonergic blocker, were
investigated in the same cocaine-induced behavioral model.
The results of the computed multivariate ANOVA analysis
are summarized in Table XI.

The analysis was constructed

in an identical manner to the haloperidol experiments.
Tables XII, XIII, and XIV summarize the mean scores
at each treatment level broken down into the three behavioral
parameters classified as dopaminergic-associated behaviors.
Although cyproheptadine decreased the sniffing response
(Table XII), this parameter was only significantly decreased

I'

Table XI . Summary of Multivariate ANOVA Analysis of the Cyproheptadine/
Cocaine Experiments .

Poo l ed Mean Response
Parameter

Saline
N= 21

Cyproheptadine
N= 63

Variance
s2

Calculat ed

Observed

F

p

Sniffing

5.24

2 . 71

1.99

3 .03

< 0 . 0 25

Grooming

1.48

1. 56

0.62

4.17

< 0 . 005

Locomotor Activity

3.57

1. 78

1. 62

5 . 02

< 0 . 00 1

Repetitive Head Movements

3 . 19

0.96

1 . 27

2 . 03

:> 0 . 05

Rearing

2.95

1.45

1 . 22

2 . 96

< 0 . 025

Straub Tail

1.57

0.72

0.37

1 . 99

/' 0 . 05

Dopaminergic Score

3 . 43

2 .0 2

1.99

4 . 13

< 0 . 005

Serotonergic Score

2 . 57

1 . 05

1.28

4 . 21

<0 . 005

Net Behavioral Index

0 . 86

0 . 97

0 . 51

3 . 43

< 0 . 01
~

CJ)
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Table XII. Effect of 30-Minute Pretreatment with Cyproheptadine on Cocaine-Induced Sniffing in Rats.

Cocaine,
mg/kg ip

-a
Mean sniffing response
Saline
Cyproheptadine, mg/kg ip
control,
1 ml/kg
1.0
2.0
4.0

10

4.00

20

5.86

40

5.86

3.87

b
3.14b
3.00

3.00

2.43
c

c
2.57

2.57
c

c
2.57

1. 57

a
Each score represents the me an of a scoring system
ranging from 0-6. Number per test group =7 . Pooled
variance (s2) =1.99; d.f. =72
b

Significantly differs from control ( P < 0. 01)

c

Significantly differs from control

(f <0.001)
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Table XIIT . Effect of 30- Minute Pretreatment with Cyproheptadine on Cocaine-Induced Grooming in Rats.

Cocaine,
mg/kg ip

a
Mean grooming response
Saline
Cyproheptadine, mg/kg ip
control,
2. 0
4. 0
1 ml/kg
1.0

10

1. 86

1.57

1.86

1. 87

20

2.29

2 . 14

1. 41

2.47

0.86

b
1. 43-

40

0.29

0.43

a

Each score represents the mean of ·a scoring system
ranging from 0-6 . Number per test group =7 . Pooled
variance (s2) =0 . 621; d.f. =72
b

Significantly differs from control

(~

< 0. 05)
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Table XIV . Effect of 30- Mi n u te Pretreatment with Cyp r ohep tadine on Cocaine- Induced Locomotor Activity in Rats .

a
Cocaine,
mg/kg ip

Mean l ocomotor activity response
Saline
Cyproheptadine , mg/kg ip
control,
1 ml /kg
1.0
2.0
4. 0

10

1. 29

1.1 3

0. 74

0 . 57

b
2 . 86d
1.22

b
2. 43d
1 . 04-

20

4 .43

3 . 29

40

5 . 00

2 . 71

c

a
Each score represen ts t h e mean of a scoring system
ranging from 0-6 . Number per test group =7 . Pooled
variance (s2} =1 .62 ; d.f. =72
b
Significantly d i ffers from control (~ < 0 . 05)
c
Si gnificant l y differs from control

(.~

< 0 . 01)

d
Si gnifican tly d i ffers from control ( ~ < 0 . 001)
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at the 20 and 40 mgjkg cocaine doses.

The saline control

values are the same as those used in the halope ridol expe riments.

The significant attenuation seen at 20 and 40 mgjkg

was statistically identical across the doses of cyproheptadine tested.

The grooming response (Table XIII) re-

mained statistically unaffected throughout most of the experiment.

A trend towards increasing grooming was apparent

with increasing cyproheptadine dosage for the hiehest cocaine
dose .

This increase became significantly greater than con-

trol at the high dose of cyproheptadine.

This effect of in-

creased grooming with cyproheptadine can be compared with
the decreased grooming seen with haloperidol.

Table XIV,

the locomotor activity response, shows dose-dependent attenuation at all doses of cyproheptadine.
Tables XV, XVI, and XVII summarize the mean scores at
each treatment level broken down into the three behavioral
parameters classified as serotonergic behaviors.

Cyprohep-

tadine was able to attenuate the r epet itive head movement
response, Table XV, at all doses of cocaine except the low,
cocaine 10 dose.

The rearing response, Table XVI, was

attenuated by cyproheptadine and the responses elicited by
cocaine were sensitive to cyproheptadine at all doses of
cocai ne tested .

The Straub tail response, Table XVII, was

significantly attenuated by cyproheptadine at the median and
high doses of cocaine, although at the low cocaine dose it
reamined unaffected .

This lack of significant reduction of
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Table XV. Effect of 30-Minute Pretreatment with Cyproheptadine on Cocaine-Induced Repetitive Head Movements in Rats.

a

Cocaine,
mg/kg ip

Mean repetitive head movement response
Saline
Cyproheptadine, mg/kg ip
control,
1 ml/kg
1.0
2.0
4.0

10

1. 00

0.86

0 . 59
b

20
40

0.29
c

3 . 71

1 . 71

0.73

4.86

c
1.86-

0.97

-

c

c
0.87c
0 . 79

a
Each score represents the mean of a scoring system
ranging from 0-6. Number per test group =7. Pooled
variance (s2) =1.27; d . f. =72
b

Significantly differs from control

(~<0 . 0 1 )

c
Significantly differs from control (P <0.001)
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Table XVI . Effect of 30 - Mi nute Pretreatment with Cyproheptadine on Cocaine-Induced Rearing in Rats.

Cocaine,
mg/kg ip

-a
Mean rearing response
Saline
Cyproheptadine, mg/kg ip
control,
1 m1/kg
1.0
2.0
4.0

10

1 .86

1. 57

20

3.29

2.00

40

3.71

2. 14-

b

0.38-

1. 41

b

b
b

b

1.55

1.56

c
1 . 67-

0.79

d

a

-

Each -score represents the mean of a scoring system
ranging from 0-6. Number per test group =7 . Poo l ed
variance (s2) =1 . 22; d.f. =72

b
Significantly differs from control (~ < 0 . 05)
c-

Significantly differs from control

(~<0.01)

Significantly differs from control

(~<0.001)

d
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Table XVII .
Effect of 30-Minute Pretreatment with Cyproheptadine on Cocaine-Induced Straub Tail in Rats.

Cocaine ,
mg/kg ip

a
Mean Straub tail response
Saline
Cyproheptadine, mg/kg i p
control,
1 ml /kg
1 .0
2 .0
4.0

10

0.14

0.14

0.00

0.00

20

l . 57

3.00

b
0.86c
0.81-

1.14

40

b
0.86c
1.14-

c
l . 57

a
Each score represents the mean o~ a scoring system
ranging fro~ 0-6. Number per test group =7. Pooled
variance (s ) =0.370; d.f. =72
b

Significant ly differs from contro l

(~

Significantly differs from control

(f < 0. 001)

c

<0.0 5)
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response could be due to the fact that a very low response
was initially present, and the total elimination of the
response therefore failed to be significantly lower.
Total dopaminergic scores are summarized in Table XVIII.
This parameter was obtained in an identical manner as in the
haloperidol experiments (i.e. totalling sniffing, grooming,
and locomotor activity).

Cyproheptadine significantly

attenuated all doses of cocaine, except 10 mgjkg cocaine.
Fig. 6 is a graphic illustration of the dopaminergic scores
seen in Table XVIII.
The serotonergic total scores were accumulated in an
identical manner as the dopaminergic scores, except that
the . parameters of repetitive head movements, rearing and
Straub tail were used as the indices of total serotonergic
response.

Cyproheptadine attenuated the responses from all

but the low dose of cocaine.

Fig. 7 is a graphic illus-

tration of the results seen in Table XIX.
Similarly to the haloperidol experiments, the serotonergic scores were subtracted from the dopaminergic scores
to illustrate the changes in net behavioral index.

Cypro-

heptadine did not significantly alter the net behavioral
response.

Fig. 8 is a graphic illustration of the results

summarized in Table XX.
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Table XVIII . Effect of 30-Minut e Pretreatment with Cyproheptadine on Cocaine - Induced Dopaminergic Scores in Rats.

Cocaine,
mg/kg ip

-a
Mean dopaminergic s core
Saline
Cyproheptadine, mg/kg ip
control,
1 ml/kg
1 .0
2. 0
4.0

10

2.38

2 . 19

20

4 . 19

2.86

40

3 .71

2 . 05

1. 87

b

b
2 . 28b
1. 55

1.62
b
2.39
c
1. 35

a
Each score represents the mean of a scoring system
ranging from 0- 6 . Number per test g roup =7. Pooled
variance (s2) =1.9 9; d.f. =72
b

Significantly differs from control (.!:_ < 0 . 05)
c

Significantly differs from control (.!:_ <::: 0. 01)
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Table XIX. Effect of 30 - Minute Pretreatment with Cyproheptadine on Cocaine - Induced Serotonergic Scores in Rats .

Cocaine ,
mg/kg ip

-a
Mean serotonergic score
Sal i ne
Cyproheptadine , mg/kg ip
cont rol ,
1 ml/kg
1.0
2.0
4 .0

10

1 ~ 00

0.86

0 . 67
b

20

2 . 86

1. 52

40

3 . 86

1. 71

0 . 22
b

1 . 05
c

b
1.19

d
1.15

d
1 . 05

a
Each score represe nts the mean of a scoring system
ranging from 0- 6. Number per test group =7. Pooled
variance (s 2 ) =1 . 28 ; d.f. =72
b
Significantly d iffers from control
c
Significantly differs from control
d
Significantly differs from control

(~ < 0.05)
(~ < 0 . 01)
(~

< 0 . 001)
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Table XX. Effect of 30-Minut e Pretreatment with Cyproheptadine on Cocaine-Induced Net Behavioral Index in Rats.

Cocaine,
mg/kg ip

-a
Net behavioral index
Sall.ne
Cyprohept adine , mg/kg ip
control,
1 ml/kg
1.0
2.0
4.0

10

1. 38

1. 33

1. 20

1 . 40

20

1.33

1.33

1. 23

1.20

40

-0.14

0 . 33

0 . 40

0 . 30

a

Each score represents the mean of a scoring ·system
ranging from 0-6 . Number per test group =7. Pooled
variance (s2) =0.51; d.f. =72
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DISCUSSION
The results obtained in this study confirm previous
findings that cocaine induces stereotyped behavior (Pradhan
et al., 1978; Bhattacharyya, 1979).

Additionally, the

present study is the first attempt to define cocaine's
dose-related dual relationship with serotonin and dopamine
neurotransmitters in stereotyped behavior.

Examination of

the saline/cocaine data illustrates the dual neurohumoral
involvement in behavioral induction as a function of cocaine
dose.

·At the lower doses

~sed

in this study, cocaine dis-

plays predominantly dopaminergic behaviors.

Serotonergic

behaviors continue to increase in intensity as the doses
of cocaine are increased.

The dopaminergic maximum agrees

with previous studies by Bhattacharyya and Pradhan (1979)
who found that 20 mgjkg cocaine was sufficient to obtain
a peak response on a modification of Costall and Naylor's
(1974) dopaminergic scale of behavior.

However, the present

study is unique in that serotonergic behaviors have been
concurrently analyzed with dopaminergic behaviors.

The

result of this analysis shows that the serotonergic behaviors continue to increase up to the 40 mgjkg dose of cocaine.
Studies of rodent stereotypy have generally utilized
continuum scales to evaluate the intensity of drug-induced
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stereotypy.

These scales are often weighted on a progres-

sion of behavioral intensity, going from increased locomotor activity to sniffing to repetitive head, body, and
extremity movements to licking, biting, and gnawing (Costall
and Naylor, 1973, 1974; Scheel-Kruger, 1970).
have two weaknesses.

Such scales

First, they imply a linear progres-

sion of intensity of stereotypy, suggesting, for example,
that a rating of 4 represents twice as much stereotypy as
a rating of 2, an assumption of questionable validity.
ond,

Sec-

althou gh a progression of behaviors does indeed occur

with increasing doses of cocaine, the relative predominance
of a given behavior and its duration differ between doses.
Thus an analysis of specific behaviors, rather than a continuum scale, may be the most appropriate in comparing the
stereotypic effects of cocaine.
The application of a quantally-constructed model in
this study was done for several reasons.

The three dopa-

minergic (sniffing, grooming, and locomotor activity) and
three serotonergic (repetitive head movements, rearing, and
Straub tail) parameters could not fit into the concept of
a continuum scale of behavior considering the fact that one
of the purposes of this study was to individually analyze
the presence/absence of cocaine-induced behaviors.

On a

continuum scale, discrete behavioral responses would be lost .
It was decided instead, to total each of the six one-minute
observation periods as an index of the parameter's intensity.
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This method analyzed all behaviors exhibited and accounts
for the consideration that certain behavioral manifestations occur that tend to preclude others

(~.,

activity precludes rearing and/or grooming).

locomotor

With this

style of data gathering, net behavioral parameters could
be created for each test animal.

The three dopaminergic

and serotonergic parameters were totaled for each test
animal and ANOVA analysis carried out on these new parameters.

These new

totals facilitate the analysis of the

relative activities us ed as a comparison of dopaminergic
or serotonergic dominance.
There are drawbacks to any kind of behavioral model.
The model used in this study, for example, implies that
each parameter is equal in weight.
be the case.

This may not necessarily

However, the fact that the parameters are

looked at individually and as totals allows for interpretation of the results.

It should be kept in mind that the

total behaviors and net behavioral index are only meant to
serve as aids in interpretation of obtained results.
The results of the present study indicat e several novel
developments regarding the investigative work done with
cocaine .

By examining both serotonergic and dopaminergic

behavioral development, some unifying facts describing
neurotransmitter involvement can be stated .

The locomotor

activity seen with cocaine begins with a dose as low as
5 mgjkg (Bhattacharyya and Pradhan, 1979).

In this study,
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locomotor activity was seen at 10 mgfkg along with various
components of stereotyped behavior.

The total dopaminergic

behavior did not significantly increase past 20 mg/kg cocaine .
This, in part, is explained through the decrease in the
grooming response seen at the high dose of cocaine, but
the sniffing and locomotor activity responses both showed
a maximum at the median and high doses of cocaine .

Thus, it

can be stated that dopamin e rgic behaviors seem to reach a
maximum expression around 20 mgfkg cocaine.

The serotonergic

behavior seen with cocaine continues to increase throughout
all doses of cocaine tested (10, 20, and 40 mgfkg cocaine)
without apparently reaching a peak response .

In other words,

dopaminergic behavioral expression exhibits a shift to the
left compared to serotonergic behavioral expression on a
dose-response behavioral representation.

The doses tested

are at the high end of the dose-response scale for dopaminergic behavior and at the middle of the dose-response scale
for serotonergic behaviors.

This last statement may be a

bit misleading since a higher dose of cocaine (i.e. 50 mgfkg)
leads to convulsions in greater than 50 percent of the
animals tested (unpublished observations in this laboratory).
However, no animals died at the highest dose used in this
study (i.e. 40 mgfkg cocaine) .
Haloperidol did attenuate all behavioral parameters.
However, the doses of haloperidol needed to establish a
highly significant attenuation were rather high when compared
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to doses of halop eri dol u se d to block apomorphine-induced
stereotypy (Rotrosen et al., 1972).

This could be expected

si n ce the doses of cocai ne used in t hi s study were re latively high when compared to previous st ud ies (Bhattacharyya,
1979) .

The doses of h alope ridol had two effects on the

results of this study.

First, since the doses u sed were

h igh from the outset, this fact te nds to show that the
intense stereotyped behavior that cocaine elicits at higher
doses is less sensitive to attenuation by haloperidol than
the stereotyped behavior see n at t he lower doses.

Simple

kinetics may, in part, account for t hi s observation.

How-

ever, t he behavioral scenario at the two doses is dissimilar
and this s h o uld be take n into account.

Second, a possible

explanat i on for the haloperidol attenuation of serotonergic
responses may include t he non-specific antagonism of
serotonergic receptors that h aloperidol shows at higher
doses.
Examination of the net behavioral inde x of the cocaine/
haloperidol

expe riments yields two interesti ng points .

The

indexes of salinejcocaine 10 and salinejcocaine 20 definitely
illustrate that these two doses of cocaine show a net
dopamin e rgic dominance.

Saline/cocaine 40 however, has a

net negative index, indicative of a n et serotonergic dominance .

What this shows is that at lower dos es of cocaine

t he dopaminergic infl u e nce is stro nger than the serotonergic influence a nd at the high dose used in this study,
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the influence of the transmitters is reversed.

Also, it

seems that the 20 mgfkg cocai n e dose may be near a transition point inasmuch as the lowest dose of haloperidol was
able to switch the net dominance of the median dose of
cocai n e from dopaminergi c to serotonergic.

This transi-

tion effect was unique to the median dose of cocaine.
The antiserotonergic agent cyproheptadine was effective in blocking both serotonergic and dopaminergic responses .
The attenuation seen with cyproheptadine was essentially
non-specific for all parameters analyzed except for grooming
which will be discussed separately.

With this exception,

cyproheptadine consistently attenuated all parameters, affecting the dop a mine rgic , serotonergic and net behavioral
index in similar manners .
The grooming induced by cocai ne is an interesting
phenomenon.

Grooming is con sidered a low level dopaminergic

activity (Ellinwood and Balster, 1974).
upo n cocai ne administration is biphasic.

The grooming seen
Grooming increases

from the low dose of cocai ne to the median dose, although
not significantly.

From the median dose to the high dose

of cocaine, however, there was a very sign ificant drop in
the grooming response.

As the intensity of stereotypy in-

creases, decreases in lower o rder stereotyped activities
should be expected .

Haloperidol was able to block the

grooming response in all but the high dose of cocaine,
probably as a consequence of the low initial grooming score
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see n at t hi s dose.

Cyproheptadine did not a tt e nu a t e the

grooming respo n se at all .

In fact,

the animals r ece iving

the high dose of cocaine actually de mo ns t rat e d a s ignificant
increase in g roomin g with the high dose of cy prohe pt a din e .
This o bse rve d finding agrees with the o pinions found in the
lit e rature (Bal sa ra e t al., 1979) that serotonin possesses
a negative influe nce on dop a min e rgic b e havior .
In the present study, c ocaine alone never indu ce d
stereo typed gnawing.

Howeve r, upon pr e trea tme nt wi t h the

high dose of cy proheptadine , the high cocaine c ha lle nge
d o s e allowed the expression of gnawing to occur (5 out of
a g r o up of 7 animals).

Serotonin i s reputed to have a nega-

ti v e influence on dopaminerg i c activity (Scheel-Kruger,
1970); therefore, it seems r eason a bl e to infer that cocai n e ,
at hi g h doses, s hows a st rong se r oton ergic influe nce whi c h
prevents the expression o f gnawing.
is s upport e d by o the r invest igato r s .

This o b se rved r esul t
Apomorphine, whe n

admi niste r e d in a dose whi c h normal ly does no t induce gnawing, can induce g nawin g whe n cocaine is u se d as a pretreatme n t

(Dadkar et al . , 1977) .

Ot her investigators have sho wn

t hat with r esp ect to the biochemical basis of gn awing, it
may b e t hat g nawin g behavior r eprese nt s a mo re ' p ur e ' dopami nergic effect than other stereotyped b e havi ors .
The li terature o n dopaminergic and se rot o nerg i c involvement in cocai n e -induced stereo typic behavior i s far fro m
compl ete .

In agreement with t h e results of this investigation,
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other studies have shown that haloperidol antagonizes both
the biochemical and behavioral effects induced by cocaine
(Bhattacharyya, 1979).

5-Hydroxytryptophan methyl ester

likewise blocks the biochemical changes that cocaine can
induce (Pradhan, 1978).

The present study also found a

cocaine-induced serotonergic influence .

However, the

present study showed that antagonism occurs with a serotonergic blocker while Pradhan's study (1978) demonstrated behavioral antagonism with a serotonergic agonist.
Some of the results obtained in this investigation
illustrate that serotonin possesses a negative influence on
dopaminergic behavior.

The grooming increase that was seen

with cyproheptadine/cocaine 40 shows that by blocking serotonin receptors, an increase in a dopaminergic response can
occur.

Additional evidence for the inhibitory action of

serotonin was gained quite accidentally.

While the six

parameters were recorded with great care, other behaviors
were noted as they occurred.

As was stated earlier, gnaw-

ing never occurred throughout the doses of cocaine tested,
but when the series of experiments
cocaine 40 was completed, it was

~ith

cyproheptadine 4/

noticed that five out of

the group of seven animals exhibited an intense gnawing
compulsion.

Costall and Naylor (1974) report that gnawing

is probably the most intense dopaminergic behavior.

Since

this study elicite d gnawing b e havior with a serotonergic
antagonist, this is very strong evide nce for a n eg ative
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regulatory role for serotonin in cocaine-induced dopaminergic behavior.

It has been shown (Silbergeld and Hruska,

1979) that direct dopamine receptor stimulation with
apomorphine does not potentiate or affect the serotonin
syndrome while dopaminergic and serotonergic blockers do
attenuate this syndrome.

Therefore, Foldes and Costa (1975)

have speculated that the serotonin syndrome can be blocked
by dopaminergic and serotonergic antagonists but remains
unaffected by agonists of these receptors.
This mutual interdependence of the dopaminergic and
serotonergic systems has also been demonstrat e d morphologically.

Serotonergic fibers arising from the raphe nuclei

have been shown to make synaptic contact with dopaminergic
cells in the substantia nigra (Parizek et al., 1971; Aghajanian and Bunney, 1975).

Further, the neostriatum and

limbic striatum brain areas which receive dopaminergic
input have also been shown to receive serotonergic input
from the raphe nuclei (Fuxe and Jonsson, 1974).
In summary, the morphologic evidence plus the behavioral
evidence from this and other studies supports the theory of
an interplay between the serotonergic and dopaminergic
systems.

The present study has demonstrated that cocaine's

effects on dopaminergic behaviors peak at a lower dose of
cocaine than do serotonergic b e haviors .

The initial goals

of this study hoped to demonstrate that cyproheptadine and

73

haloperidol could preferentially block serotonergic and
dopaminergic behaviors respectively.

This was not demon-

strable due to the truly complicated nature of the neurotransmitter interactions.

What was shown was that haloper-

idol changed the response to the median dose of cocaine
from a net dopaminergic dominance to a net serotonergic
dominance, an effect seen only at this transitional dose.
The induction of gnawing and the increase in grooming seen
with the high dose of cocaine and cyproheptadine supports
the hypothesis that cocaine-induced dopaminergic behavior
is inhibited by serotonergic activity.

CONCLUSIONS
1.

In this study, dopaminergic behaviors in rats peaked
at lower doses (20 mgfkg, i.p.) of cocaine while serotonergic behaviors did not peak until higher doses (40
mgfkg, i.p.) had been administered.

In this study,

dopaminergic behaviors are defined as sniffing, grooming
and locomotor activity while serotonergic behaviors
are defined and repetitive head movements, rearing and
Straub tail.
2.

The . dopamine antagonist, haloperidol (0.125-0.500 mgfkg,
i.p.) appears to change the balance of behavior at the
median dose of cocaine (20 mgfkg) from a net dopaminergic
to a net serotonergic response .

3.

The serotonin antagonist, cyproheptadine (l-4 mgfkg,
i.p . ) facilitated cocaine-induced grooming and allowed
the expression of gnawing to occur.

It is proposed that

the serotonin-related effects of cocaine may have a
negative influence on dopamine-mediated behaviors.
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APPENDIX
The following six tables represent a summary of the
experiments done with an atropine pretreatment followed by
the cocaine challenge.

The pooled variances obtained in

this series precludes any statement on statistical significance .

Therefore, the tables are here only as a record

of the obtained results.
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Table A- I. Effect of 30 - Minute Pretreatment with Atropine
on Cocaine - ~nduced Sniffing in Rats .

Cocai ne ,
mg/kg i p

Mean sniffing res~onse~
Saline
Atropine , mg/kg i p
control ,
1 rnl/kg
1. 25
2 . 50

10

4 . 0.0

3 . 86

4.14

4.14

20

5.86

5 .14

4 . 86

5.00

40

5.86

4 . 86

4.14

3 . 86

5.00

a
Each score represents ~he mean of a scoring system
r a nging f~om 0 - 6 . Number per test g rouo =7.
Pooled
variance ( s2) =3.50 ; d . f. =7 2

77

:able A- I I. Effect of 30 - Minute Pretreatment wi th Atropine
on Cocaine - Induced Grooming in Rats .

Cocaine ,
mg/kg ip

Mean groomi ng response~
Saline
Atropine , mg/kg in
control ,
1 ml/kg
1.25
2 . 50

5 . 00

10

1 .86

1.29

0 . 86

0.43

20

2 . 29_

1.86

1 .14

1 . 43

40

0.22

0.43

0.46

0.86

a

Each score ·reoresents the mean · or a scoring system
ranging from 0-6. Number per test group =7. Pooled
variance (s 2 ) =3 .0 6; d.f . =72
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Table A- III. Effect of 30 - Minute Pretreatment with Atropine
on Co ~aine - Induced Locomotor Activity in Rats .

Cocaine ,
mg/kg ip

a
Mean locomotor activity responseSaline
Atrooine, mg/ kg iDcontrol,
1 ml /kg
1.25
2 . 50

10

1.29

l. 43

1 . 86

2.14

20

4 . 43

4 . 43

3.86

3.14

40

5 .00

6 . 00

4. 86

4 . 86

5.00

a
Eac~

sco~e

reoresents the mean of a scoring system
Pooled

ran~ing from 0- 6.
Number oer test group =7 .
var~ance (s2) =3 .41;
d . f . - =72
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Table A- IV. E~fect of 3 0 - ~: in~te Pretrea~ ment wit h Atropi n e
on Coca in e - Ind~ced Repetit i ve Head Movements in Rats.

~ean Re pe titive head movement resp ons e!

Co caine,
mg/kg i p

Sali n e
control ,
1 m1/kg

1.25

2 . 50

5. 00

10

1. 00

1.29

0 . 86

1 . 43

20

3.7 1

2 . 29

2 . 14

2 . 43

40

1.!.86

3 . 86

4.86

3 . 14

At r opine , mg/kg ip

a
Each score ~epresents the mean of a s c oring s y stem
ranging frc~ 0 - 6.
Number pe r t es t group =7. Poole d
va ri ance (s2 l = 3 . 62; d.f . =72
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A- V. Effect of 30 - Minu:e Pret~e~tment
on Cocaine - Induced Rearing in R=ts .
~able

~ith

Atropine

mg/kg ip

r·1ean r eari ng response~
Saline
At~opine , ms / kg ip
co ntrol ,
1 ml/k g
1.25
2 . 50

5 . 00

10

1 .86

2 . 14

2 . 43

l. 29

20

3.29

2 . S6

3. ~ 3

2 . 71

40

3.71

3 . c6

3 . 11.!

2 . 86

Coca i ne ,

a
Each score represe nts the mea~ of c ~~cring system
ranging from 0- 6 . Number pe~ test 6~~~p =7. Pooled
variance (s2) =2 . 75 ; d . f . =72
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Table A- VI. Ef~ect of 30-Minute ?retreatment with Atropine
on Cocaine - Induced Straub Ta i l ~n Rats .

Cocaine,
mg/kg ip

a!·1-=an Straub tail response
Sc.line
Atropi:~e , mg/t:g ip
cont r ol,
2 . 50
1 ml/kg
1.25

5 . 00

10

0 .14

0.29

0 . 43

0 . 00

20

1. 57

1. 86

2 . 29

1.14

40

3.80

1.57

1. 86

1 . 86

a

Each sco r e r e;rese nts the mean of a scoring system
ranging fro~ C- 6 . Number per test gro~p =7. Pooled
variance ( s ) =2.99; d.f. =72
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